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CATHODIC PROTECTION SYSTEM USING
IMPRESSED CURRENT AND GALVANIC
ACTION

Matter enclosed in heavy brackets | ] appears in the
original patent but forms no part of this reissue specifica-
tion; matter printed in italics indicates the additions
made by reissue.

This 1nvention relates primarly to a cathodic protection
system using impressed current and galvanic action and also
relates to an improved impressed current system.

BACKGROUND OF THE INVENTION

U.S. Pat. No. 6,346,188 (Shuster) assigned to ENSER Cor-

poration and 1ssued Feb. 12, 2002 discloses a method for
cathodic protection of marine piles 1n which an anode 1s
located within a jacket surrounding the pile at water level and
a battery 1s mounted on the pile above the water level for
providing an impressed current between the anode of the
jacket and the steel of the pile.

The anode 1s preferably formed of titanium or other non-
corroding materials which are high on the Noble scale. How-
ever the patent mentions that other materials such as zinc can
be used but these are disadvantageous since they tend to
corrode. The itention 1s that the battery have a long life and
be maintained effectively so that the impressed current
remains in place during the life of the marine pile bearing in
mind that the salt water 1n the marine environment 1s particu-

larly corrosive.
Such 1mpressed current systems can use other types of

power supply including common rectifiers which rectity an
AC voltage from a suitable source into a required DC voltage
tor the impressed current between the anode and the steel. It
1s also known to provide solar panels for charging batteries to
be used 1n a system of this type.

In all cases such impressed current systems require regular
maintenance and checking of the status of the power supply to
ensure that the power supply does not fail leading to unex-
pected and unacceptable corrosion of the steel within the
structure to be protected. While such maintenance can be
carried out and the power supply thus ensured, this 1s a rela-
tively expensive process.

Alternatively galvanic systems can be used which avoid
necessity for any power supply since the voltage between the
steel and the anode 1s provided by selecting a suitable material
tor the anode which 1s sutficiently electro-negative to ensure
that a current 1s generated to provide a cathodic protection.
The systems have obtained considerable success and are
widely used.

SUMMARY OF THE INVENTION

It 1s one object of the invention to provide an improved
method for cathodic protection.

According to one aspect of the invention there 1s provided
a method for cathodic protection comprising:

providing steel material;

providing a covering material such that at least a part of the
steel matenal 1s at least partly covered by the covering mate-
rial;

providing at least one anode member which 1s formed of a
material which 1s more electro-negative than the steel mate-
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rial such that galvanic action will generate an electric poten-
tial difference therebetween tending to cause a flow of 10ns;

arranging the anode member at least partly 1n contact with
the covering material for communication of 1ons therebe-
tween;

providing a first connection between the at least one anode
member and the steel material so that the galvanic potential
difference between the anode member and the steel material
generated by the galvanic action causes 1ons to flow through
the covering material tending to inhibit corrosion of the steel
material while causing corrosion of the anode member;

providing a second connection between the at least one
anode member and the steel material including a DC power
supply having a supply potential difference greater than the
galvanic potential difference between the anode member and
the steel material generated by the galvanic action such that
the supply potential difference causes 10ns to flow through the
covering material tending to inhibit corrosion of the steel
material while causing corrosion of the anode member;

the first and second connections being arranged to prevent
communication of current through the first connection across
the power supply such that when the DC power supply poten-
tial difference exceeds the galvanic potential difference cur-
rent flows through the second connection;

the first and second connections being arranged to allow
communication of current through the first connection such
that when the supply potential difference falls below the
galvanic potential difference current flows through the first
connection;

whereby 10ns are caused by the power supply to flow to
provide cathodic protection to the steel material for as long as
the power supply 1s active and, when the power supply 1s
inactive, 1ons are caused to continue to flow by the galvanic
action to continue to provide cathodic protection to the steel
material.

The anode may be any of the more electro-negative mate-
rials such as zinc, aluminum, magnestum or alloys thereof.

Preferably the power supply 1s a battery. However rectifiers
generating DC from an AC supply voltage can also be used 1n
some arrangements.

Preferably the battery has a potential greater than 1.5V.

Preferably there 1s provided a diode 1n the first connection
to prevent communication of current through the first connec-
tion across the power supply.

Preferably the first connection bridges output terminals of
the power supply.

Preferably there 1s provided a diode 1n second connection
to prevent flow of current in a reverse direction.

In accordance with one important optional arrangement,
the battery 1s not replaced when expired such that when the
battery expires the protection 1s wholly provided by the gal-
vanic action.

In accordance with one important optional arrangement,
the covering material comprises a structural matenial of a
building and the battery 1s buried 1n the structural matenal of
the building.

In accordance with one important optional arrangement,
the structural material forms a wall and wherein the battery 1s
buried 1n a cavity in the wall.

In accordance with one important optional arrangement,
the covering material comprises a structural material of a
building and wherein there 1s provided a plurality of batteries
at plurality of respective locations on the building.

In accordance with one important optional arrangement,
the building includes a plurality of steel elements each form-
ing, for example, a lintel of the building and wherein there 1s
provided a separate battery for each lintel.
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According to a second aspect of the invention there 1s
provided a method for cathodic protection comprising:

providing steel material;

providing a covering material such that at least a part of the
steel maternial 1s at least partly covered by the covering mate-
rial;

providing at least one anode member;

arranging the anode member at least partly 1n contact with
the covering material for communication of ions therebe-
tween;

providing a connection between the at least one anode
member and the steel material including a DC power supply
having a supply potential difference between the anode mem-
ber and the steel material such that the supply potential dif-
terence causes current to flow 1n the connection 1n a direction
to cause 10ns to flow through the covering material tending to
inhibit corrosion of the steel material while causing corrosion
of the anode member;

and providing a diode 1n connection to prevent flow of
current 1n a reverse direction.

BRIEF DESCRIPTION OF THE DRAWINGS

One embodiment of the invention will now be described in
conjunction with the accompanying drawings in which:

FIG. 1 1s a schematic illustration of a cathodic protection
method according to the present invention.

FIG. 2 1s a schematic 1llustration of a second method
according to the present invention.

FIG. 3 1s a schematic illustration of the components of FIG.
2 installed 1n a building.

In the drawings like characters of reference indicate corre-
sponding parts in the different figures.

DETAILED DESCRIPTION

In FIG. 1 1s shown a covering material 10 within which 1s
embedded steel material 11 and an anode body 12.

The covering material 10 1s a suitable material which
allows communication of 1ons through the covering material
between the anode body and the steel 11. The covering mate-
rial 1s generally concrete but can also include mortar or
masonry materials where there 1s a reinforcing steel structure
which requires cathodic protection to prevent or inhibit cor-
rosion. The steel material 11 1s 1llustrated as being a reinforc-
ing bar arrangement but other steel elements can be protected
in the manner of the arrangement shown herein including
steel structural members such as lintels, supports for exterior
hardware or other elements which provide structure to the
concrete or other covering material or which provide inter-

connection between an exterior element and the concrete
material.

The anode member 12 1s shown as a strip or sheet but can
be configured 1n any suitable arrangement which 1s arranged
to provide communication of 10ns from the anode body to the
steel matenial.

The anode member may include or be constructed as the
arrangement shown 1n U.S. Pat. No. 6,027,633 1ssued Feb. 22,
2000; U.S. Pat. No. 6,165,346 1ssued Dec. 26, 2000; U.S. Pat.
No. 6,572,760 1ssued Jun. 3, 2003 and U.S. Pat. No. 6,793,
800 1ssued Sep. 21, 2004 of the present inventor, and 1n U.S.
Pat. No. 6,022,469 (Page) 1ssued Feb. 8, 2000 and U.S. Pat.
No. 6,303,017 (Page) 1ssued Oct. 16, 2001 assigned to Aston
Material Sciences and i U.S. Pat. No. 6,193,857 (Davison)

issued Feb. 27, 2001 assigned to Foseco International, the
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disclosures of which are incorporated herein by reference or
to which reference should be made for further details as
required.

The anode member 1s preferably formed of zinc or other
material which 1s more electro-negative than the steel so that
its presence within the covering material generates a potential
difference by way of galvanic action across the anode mem-
ber and the steel such that the galvanic potential causes trans-
mission of 1ons between the anode member and the steel
material and a current through a conductor system generally
indicated at 13 which transmits current between the anode
member and the steel.

A power supply 14 1s provided which generates a voltage at
terminals 15 and 16 of the power supply where the terminal
16 1s positive and the terminal 15 1s negative.

In the embodiment shown the power supply 1s formed by a
battery which 1s commonly a zinc air battery well known and
commercially available which provides an output voltage of
the order of 1.5 volts and has a lifetime of the order of 3 to 5
years. The voltage may drop during current draw 1n operation
from the nominal value to as low as 1.0 volts. Such batteries
of this type are commercially available from ENSER Corpo-
ration or others. A suitable battery may have a capacity of
1200 ampere hours.

Alternative power supplies maybe used including conven-
tional rectifiers which require an exterior AC supply voltage
and which convert the AC supply into a DC voltage at the
terminals 15 and 16.

The current supply system generally indicated at 13 turther
includes a first diode 17 and the second diode 18.

The power supply 1s connected across the anode member
and the steel material by a first connection such that the
positive terminal 16 of the battery 1s attached to the anode
member by a first conductor 19 which extends from the posi-
tive terminal 16 to the anode member 12. The first connection
turther includes a second conductor 20 which connects from
the negative terminal 15 to the steel material 11. Thus when
the battery 14 provides an output voltage greater than the
galvanic potential, current flows from the battery through the
conductor 19 and returns from the steel through the conductor
20.

In the event that the potential of the battery falls below the
galvanic potential, 1n the situation where the battery has
expired or becomes faulty, a second connection 1s provided
across the anode member 12 and the steel material by way of
the conductors 19 and 20 together with a further conductor 21
which bridges the terminals 15 and 16. The diode 17 1s located
in the conductor 21 and 1s directed so as to prevent current
flowing directly from the positive terminal 16 through the
conductor 21 to the negative terminal 15. However when the
current from the battery fails, the galvanic potential causes
current to tlow through the conductor 21 1n the direction
permitted by the diode 17.

The second diode 18 1s located either 1n the conductor 19 or
in the conductor 20 and 1s arranged to prevent reverse current
in the first connection.

Thus 1n the protection system, the power supply 14 pro-
vides an initial impressed current system which generates
current at a higher level than the galvanic potential for a
period defined by the life of the battery. This 1initial impressed
current can be used to cause an 1nitial migration of 10ns so as
to ensure an adequate 1nitial level of protection for the steel
material. After this mitial level has been achieved, provided
the system 1s properly designed and arranged, the galvanic
potential can provide a further level of protection at a reduced
current which 1s suflicient to maintain the migrated ions from

returning to the position where corrosion can occur.
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When the power supply fails, 1t normally fails in an open
circuit condition so that the conductor 21 is required to allow
the galvanic potential to communicate the required current.

However 1n the event that the power supply fails in a closed
circuit condition, the diode 18 1s provided 1n order to prevent
reverse current 1n a direction which would exacerbate the
corrosion of the steel material. Thus it 1s intended that the
system should operate over a lifetime of the structure without
the necessity for periodic maintenance since the itention 1s
that the battery will operate for a prescribed period and then
will fail 1n a manner which allows the galvanic action to
continue.

The selection of the anode body including the amount of
sacrificial anode material within the anode body and the fur-
ther features of design are selected so that the protection 1s
provided over a prescribed lifetime significantly longer than
the lifetime of the battery.

The diode 18 1s provided to prevent the reverse direction of
current flow which would cause corrosion of the steel 1n
preference to the anode. While this 1s normally not likely to
occur when the anode 1s formed of an electro-negative mate-
rial, in some design arrangements, the anode may be formed
ol a material which 1s more resistant to corrosion and there-
fore can potentially cause potential corrosion of the steel.

Turning now to FIG. 2, there 1s shown basically the same
arrangement as previously described but used 1n a modified
system for use 1n a building generally indicated at 30. In the
building 1s provided a lintel 31 formed of steel with the
potential for corrosion within the covering material 32
defined 1n the building. The covering material may be con-
crete or masonry and commonly will be a series of stones
embedded 1n a mortar material so that the steel 1s 1n contact
with the stones and the mortar and has the potential for cor-
rosion.

In this embodiment the anode 1s formed by a series of
anode bodies 33, 34 and 35 which are formed as cylindrical
clements 1inserted into drilled holes 36 formed 1n the structure
of the building 30. A channel 37 provides a conduit formed 1n
the wall for a conductor system 38 including a power supply
and first and second conduction paths generally indicated at
39 as previously described

In FIG. 3 1s shown a building schematically indicated at 30
including the lintels 31 and a series of the anode constructions
generally indicated at 35 and the power supply systems 39.
The power supply system 1s embedded within a cavity 40
formed 1n the wall at a suitable location either within a cavity
wall construction or within an excavated opening within the
building structure. Each lintel has its own power supply 39.
Of course the lintel forms only one possibility for steel struc-
ture elements within the building which require corrosion
protection so that other individual elements may be similarly
protected by some individual power supply.

Since various modifications can be made 1n my invention
as herein above described, and many apparently widely dii-
terent embodiments of same made within the spirit and scope
of the claims without department from such spirit and scope,
it 1s intended that all matter contained in the accompanying
specification shall be interpreted as 1llustrative only and not in
a limiting sense.

The mvention claimed 1s:

1. A method for cathodic protection of steel material 1n a
covering material comprising concrete, mortar or masonry
material arranged such that at least a part of the steel material
1s at least partly covered by the covering material; the method
comprising;

providing at least one anode member which 1s formed of a

material which 1s more electro-negative than the steel
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material such that galvanic action will generate an elec-
tric potential difference therebetween tending to cause a
flow of 10ns:

arranging the anode member at least partly 1n contact with

the covering material for communication of 10ns ther-
ebetween;

providing an electrical connection arrangement between

the at least one anode member and the steel material so
that current can flow through said at least one electrical
connection arrangement between the at least one anode
member and the steel material so that 10ns tlow through
the covering material tending to ihibit corrosion of the
steel material;

providing a DC power supply [having a supply potential

difference greater than the galvanic potential difference
between the anode member and the steel material gen-
erated by the galvanic action]:

connecting the DC power supply into said electrical con-

nection arrangement [such that the supply] 7o gererate a
potential difference [causes ions to flow through the
covering material tending to inhibit corrosion of the steel
material] for as long as the power supply is active [to
generate a supply potential difference] greater than the
galvanic potential difference between the anode mem-
ber and the steel material [generated by the galvanic
action]:

and said electrical connection arrangement being arranged

such that, when the power supply becomes inactive
[such that the supply potential difference falls below the
galvanic potential difference between the anode mem-
ber and the steel material generated by the galvanic
action], current continues to flow through said electrical
connection arrangement by the galvanic action to con-
tinue to provide cathodic protection to the steel material.

2. The method according to claim 1 wherein the DC power
supply 1s a battery.

3. The method according to claim 2 wherein the battery has
a supply potential difference of the order of or greater than
1.5V,

4. The method according to claim 2 wherein the [covering
material comprises a structural material of a building and
wherein the] battery is buried in the [structural] covering
material [of the building].

5. The method according to claim 4 wherein the [structural]
covering material forms a wall and wherein the battery 1s
buried 1n a cavity in the wall.

6. The method according to claim 4 wherein the covering
material comprises a structural material of a building and
wherein there 1s provided a plurality of batteries at a plurality
of respective locations on the building.

7. The method according to claim [4] 6 wherein the build-
ing includes a plurality of steel elements of the building and
wherein there 1s provided a separate battery for each element.

8. The method according to claim 1 wherein the electrical
connection arrangement includes a connection which bridges
output terminals of the DC power supply and wherein there 1s
provided a diode in the connection to prevent [communica-
tion] reverse flow of current through the electrical connection
arrangement across the DC power supply.

9. The method according to claim 1 wherein there 1s pro-
vided a diode 1n electrical connection arrangement to prevent
flow of current 1n a reverse direction.

10. A method for cathodic protection of steel material 1n a
covering material comprising concrete, morvtar or masonry
material arranged such that at least a part of the steel material
1s at least partly covered by the covering material; the method
comprising;
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providing at least one anode member which 1s formed of a
material which 1s more electro-negative than the steel
material such that galvanic action will generate an elec-
tric potential difference therebetween tending to cause a
flow of 10ns;

arranging the anode member at least partly 1n contact with
the covering material for communication of 10ns ther-
ebetween;

providing an electrical connection arrangement between
the at least one anode member and the steel material so
that current can flow through said at least one electrical
connection arrangement between the at least one anode
member and the steel material so that 10ns tlow through
the covering material tending to inhibit corrosion of the
stee] material;

providing a DC power supply [having a supply potential
difference greater than the galvanic potential difference
between the anode member and the steel material gen-
erated by the galvanic action];

connecting the DC power supply 1nto said electrical con-
nection arrangement [such that the supply] 7o gererate a
potential difference [causes current to flow in the elec-
trical connection arrangement 1n a required direction so
that 1ons flow through the covering material tending to
inhibit corrosion of the steel material] when the power
supply is active [and generates a supply potential differ-
ence] greater than the galvanic potential difference
between the anode member and the steel material [gen-
erated by the galvanic action]:

providing in said electrical connection arrangement a con-
nection to allow flow of current across the DC power
supply such that, when the DC power supply becomes
inactive [such that the supply potential difference falls
below than the galvanic potential difference between the
anode member and the steel material generated by the
galvanic action], current continues to flow through said
clectrical connection arrangement by the galvanic action
to continue to provide cathodic protection to the steel
material;

and providing in said connection a diode arranged to pre-
vent flow of current across said DC power supply 1n a
direction reverse to said required direction.

11. The method according to claim 10 wherein the DC

power supply 1s a battery.

12. The method according to claim 11 wherein the battery
has a potential greater than 1.5V.

13. The method according to claim 10 wherein the [cover-
ing material comprises a structural material of a building and
wherein the] power supply [comprises a battery which] is
buried in the [structural] covering material [of the building].

14. The method according to claim 13 wherein the struc-
tural material forms a wall and wherein the battery 1s buried in
a cavity in the wall.

15. The method according to claim 13 wherein the covering
material comprises a structural material of a building and
wherein there 1s provided a plurality of batteries at plurality of
respective locations on the building.

16. The method according to claim [13] /5 wherein the
building includes a plurality of steel elements each forming a
lintel of the building and wherein there 1s provided a separate
battery for each lintel.

17. A method for cathodic protection of steel material in a
covering material comprising concrete, mortar ov masonry
material such that at least a part of the steel material is at
least partly covered by the covering material, the method
COMpPriSing:
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providing at least one anode member which is formed of a
material which is more electro-negative than the steel
material such that galvanic action generates a galvanic
potential difference therebetween;

arranging the anode member at least partly in contact with
the covering material for communication of ions ther-
ebetween;

in a first step providing a connection between said at least
one anode member and the steel material including a

DC power supply such that the potential difference
between said at least one anode and the steel material is

greater than the galvanic potential difference;

and in a second step providing a connection between said
at least one anode member and the steel material so that
the galvanic potential difference only is applied between
the anode member and the steel material.

18. The method accovding to claim 17 whevein the DC
power supply is a battery.

19. The method according to claim 17 wherein the DC
power supply includes a rectifier for rectifving an AC power
supply.

20. The method according to claim 17 wherein, in the
second step, the DC power supply is inactive.

21. The method according to claim 17 wherein the DC
power supply is located in the covering material.

22. The method according to claim 17 wherein the covering
material forms a wall and wherein the power supply is
located in a cavity in the wall.

23. The method accovding to claim 17 wherein there is
provided an electrical comnnection arrangement including
said at least one anode, the steel material and the DC power
supply and wherein, when the DC power supply becomes
inactive, the electrical connection arrangement is arranged
to provide automatically a connection of said at least one
anode to the steel material to allow current to flow thevebe-
tween caused by the galvanic potential alone.

24. A method for cathodic protection of steel material in a
covering matervial comprising concrete, mortar ov masonry
material such that at least a part of the steel material is at
least partly covered by the covering material, the method
COmprising:

providing at least one anode member which is formed of a

material which is more electro-negative than the steel
material such that galvanic action generates a galvanic
potential difference thevebetween;

arranging the anode member at least partly in contact with

the covering material for communication of ions ther-
ebetween;

in a first step providing a connection between said at least

one anode member and the steel material including a
DC power supply such that the potential difference
between said at least one anode and the steel material is
greater than the galvanic potential difference;

and in a second step providing a connection between said

at least one anode member and the steel material so that
the galvanic potential difference only is applied between
the anode member and the steel material;

wherein, in the first step, the potential difference is

arranged so as to cause an initial migration of ions
through the covering material so as to ensure an initial
level of protection for the steel material and in the sec-
ond step, the potential difference is arranged so as to
provide a current lower than that in the first step, which
current is sufficient to limit the veturn of migrated ions in
the covering material to the position where corrosion
OCCUYS.
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25. The method according to claim 24 wherein the DC
power supply is a battery.

26. The method according to claim 24 whevein the DC
power supply includes a rectifier for rectifyving an AC power
supply.

27. The method according to claim 24 wherein, in the
second step, the DC power supply is inactive.

28. The method according to claim 24 wherein there is
provided an electrical connection arrangement including
said at least one anode, the steel material and the DC power
suppjv and whervein, when the DC power supply becomes
inactive, the electrical connection arrangement is arvanged
to provide automatically a connection of said at least one
anode to the steel material to allow current to flow thevebe-
tween caused by the galvanic potential alone.

29. The method according to claim 24 whervein the DC
power supply is located in the covering material.

30. The method according to claim 24 wherein the covering
material forms a wall and wherein the power supply is
located in a cavity in the wall.

31. A method for cathodic protection of steel material in a
covering material comprising concrete, mortar ov masonry
material such that at least a part of the steel material is at
least partly covered by the covering material, the method
COMpPrising:

providing at least one anode member which is formed of a

material which is more electro-negative than the steel
material such that galvanic action generates a galvanic
potential difference thevebetween;

providing in the anode member an enhancement material

which cooperates with the sacrificial anode material in
enhancing the communication of ions between the cov-
ering material and the anode material;

arranging the anode member at least partly in contact with

the covering matevial for communication of ions ther-
ebetween;

in a first step providing a connection between said at least

one anode member and the steel material including a
DC power supply such that the potential difference
between said at least one anode and the steel material is
greater than the galvanic potential difference;

and in a second step providing a connection between said

at least one anode member and the steel material so that
the galvanic potential difference only is applied between
the anode member and the steel material;

wherein there is provided an electrical connection

arrangement including said at least one anode, the steel
material and the DC power supply and wherein, when in
the second step the DC power supply becomes inactive,
the electrical connection arrangement is arranged to
provide automatically a connection of said at least one
anode to the steel material to allow currvent to flow
therebetween caused by the galvanic potential alone.

32. The method according to claim 31 wherein the DC
power supply is a battery.

33. The method according to claim 31 wherein the DC
power supply includes a rectifier for rectifving an AC power
supply.

34. The method according to claim 31 whervein the DC
power supply is located in the covering material.

35. The method according to claim 31 wherein the covering
material forms a wall and wherein the power supply is
located in a cavity in the wall.

36. A method for cathodic protection of steel material in a
covering material comprising concrete, mortar ov masonry
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material such that at least a part of the steel material is at
least partly covered by the covering material, the method
COmMprising:
providing at least one anode member which is formed of an
anode matervial which is movre electro-negative than the
steel material such that galvanic action generates a
galvanic potential difference thevebetween,
arranging the anode member at least partly buvied within
with the covering material for communication of ions
therebetween;

providing an enhancement matervial which cooperates with

the sacrificial anode material in enhancing the commu-
nication of ions between the covering matevial and the
anode material:

providing at the anode member a material which is porous

so that corrosion products from corrosion of the anode
material during operation are received into pores in the
porous material;

and providing an electrical comnection arrangement

between said at least one anode member and the steel
material including a DC power supply such that the
potential difference between said at least one anode
member and the steel material is greater than the gal-
vanic potential difference.

37. The method according to claim 36 wherein the electvi-
cal connection arrangement is arvanged such that, when the
DC power supply becomes inactive, a connection of said at
least one anode to the steel material is provided to allow
current to flow therebetween caused by the galvanic potential
alone.

38. The method according to claim 37 whervein the electvi-
cal connection arrangement is arranged to provide said con-
nection automatically.

39. The method according to claim 36 wherein the DC
power supply is a battery.

40. The method according to claim 36 wherein the DC
power supply includes a rvectifier for rectifving an AC power
supply.

41. The method according to claim 36 wherein the DC
power supply is located in the covering material.

42. The method according to claim 36 wherein the covering
material forms a wall and wherein the power supply is
located in a cavity in the wall.

43. The method according to claim 36 wherein the
enhancement material comprises a humectant.

44. The method according to claim 36 including maintain-
ing the anode member electrochemically active.

45. A method of at least one of cathodically protecting and
passivating a metal section in concrete comprising:

providing at least one sacrificial anode;

providing a source of DC power with a negative connection

and a positive connection;

in a first protection step, electrically connecting one of the

connections of the source of DC power to the metal
section to be cathodically protected: and electrically
connecting the sacrificial anode in series with the other
connection of the source of DC power such that the
voltage generated by the source of DC power is added to
the galvanic voltage, generated between the sacrificial
anode and the metal section, to produce a voltage
greater than the galvanic voltage generated between the
sacrificial anode and the metal section alone; and,

in a second protection step, electrically comnnecting the

sacrificial anode to the metal section with at least one
electron conducting conductor that is not in series with
the source of DC power to provide a path for electronic
current to flow between the sacrificial anode and the
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metal section, such that the current is generated solely
by the galvanic voltage between the sacrificial anode
and the metal section.

46. The method as claimed in claim 45 wherein the con-
nection between the sacrificial anode and the source of DC
power is an impressed current anode connection.

47. The method as claimed in claim 45 wherein the anode
is buried within a cavity in concrete.

48. The method as claimed in claim 47 whevrein the cavity
comprises a drilled hole.

49. The method as claimed in claim 45 wherein the source
of DC power is a battery.

50. A method of protecting and/or passivating steel in
concrete comprising:

providing a sacrificial anode;

forming a cavity in the concrete by cutting a hole;

embedding the sacrificial anode in a porous matrix in the

cavity,

providing a source of DC power with a negative connection

and a positive connection;

electrically connecting one of the connections of the source

of DC power to the steel to be cathodically protected;
and

electrically connecting the sacrificial anode in sevies with

the other connection of the source of DC power such that
the voltage generated by the source of DC power is
added to the voltage generated between the sacrificial
anode and the steel to produce a voltage greater than the
galvanic voltage generated between the sacrificial
anode and the steel alone;

whevrein the source of DC power is located spaced from the

cavity and the connections to the source of DC power
comprise an electrical conductor defined by one of wires
and cables.

51. The method as claimed in claim 50 wherein the con-
nection between the sacrificial anode and the source of DC
power is an impressed current anode connection.

52. A method for cathodic protection of steel material in a
covering material comprising concrete, mortar ov masonry
material such that at least a part of the steel material is at
least partly covered by the covering material, the method
COmprising:
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providing at least one anode member which is formed of an
anode matervial which is move electro-negative than the
steel material such that galvanic action generates a
galvanic potential difference thevebetween;

arranging the anode member at least partly buried within

with the covering material for communication of ions
therebetween;

providing an enhancement matervial which cooperates with

the sacrificial anode material in enhancing the commu-
nication of ions between the covering material and the
anode material:;

and providing an electrical comnection arrangement

between said at least one anode member and the steel
material including a DC power supply such that the
potential difference between said at least one anode
member and the steel material is greater than the gal-
vanic potential difference.

53. The method according to claim 52 wherein the electri-
cal connection arrangement is arvanged such that, when the
DC power supply becomes inactive, a connection of said at
least one anode to the steel material is provided to allow
current to flow thevebetween caused by the galvanic potential
alone.

54. The method according to claim 52 wherein the electri-
cal connection arrangement is arranged to provide said con-
nection automatically.

55. The method according to claim 52 wherein the DC
power supply is a battery.

56. The method according to claim 52 wherein the DC
power supply includes a rectifier for rectifving an AC power
supply.

57. The method according to claim 52 wherein the DC
power supply is located in the covering material.

58. The method according to claim 52 whevein the covering

material forms a wall and wherein the power supply is
located in a cavity in the wall.

59. The method according to claim 52 wherein the
enhancement material comprises a humectant.

60. The method according to claim 52 including maintain-
ing the anode member electrochemically active.
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